Allspice contains phytochemicals which may have antioxidative and chemopreventive potential. The objective was to determine the effects of allspice on the AOM induced aberrant cryptic foci (ACF) in colon of Fisher 344 male rats. Rats were obtained from Harlan, IN, and raised in an environmentally controlled condition of 12 hours of light and dark cycles and at 50% relative humidity. Rats in experimental groups were fed with different concentrations of allspice (0.5%, 1% and 2%) in an AIN-93G based diet. Rats received AOM injections at 7 and 8 weeks of age at 16 mg/kg body weight. After 17 weeks, rats were asphyxiated with CO 2 , and liver, and colon samples were collected. Colons were stained with methylene blue to enumerate ACF and crypt multiplicity. Rats fed 0.5% allspice had the highest cecal pH (7.64) compared to control (6.88) (P ≤ 0.05). Rats in the treatment groups gained 225 g to 251 g over the 13-week period. A 29% reduction in total crypts was observed in rats fed 2% compared to 0.5% allspice. Highest number of crypts was seen in control group. Antioxidative enzyme activity was higher in rats fed allspice compared to the control group. Total tumors (0.25 -2.5), tumor bearing rat ratio (1 -2.5) and incidence rate (50% -100%) in rats fed different concentrations of allspice were lower compared to rats in the control group (6.6%, 5.8%, and 100% respectively). Consumption of allspice in the diet reduced the number of ACF in Fisher 344 male rats. Allspice can be utilized in food formulations for its chemopreventive effects against colon cancer.
Introduction
Cancer is the uncontrolled growth of cells. It can be benign or malignant [1] .
Benign tumors are localized in their tissue of origin and lack the ability to metastasize [2] . They resemble the cells in their primary location, while malignant cells grow uncontrollably and are at different stages of differentiation, and can metastasize to other parts of the body [3] . Carcinogenesis involves 3 steps; initiation, promotion and progression. Initiation is an irreversible process which involves genetic mutations of genes such as cell cycle arrest, tumor suppression, DNA damage repair genes etc. [4] . Promotion requires the presence of a tumor promoter which supports clonal expansion of abnormal cells [5] . During the progression stage, these abnormal cells continue to grow uncontrollably and start spreading to distant locations in the body, and this process is called metastasis [6] . Spices have shown possible chemo-preventive effect which can be due to the presence of phytochemicals in them [7] . Several processes are used to prevent the uncontrolled growth of cells such as neutralization or reduction of free radicals with the help of antioxidative enzymes, and increasing bone mineral content [8] . Antioxidative effect can be through induction of antioxidative enzymes, such as superoxide dismutase (SOD), catalase (CAT), glutathione, glutathione peroxidase (GPx) and glutathione-s-transferase (GST) assay [9] . Several studies have shown that phytochemicals such as ericifolin, gallic acid and flavonoids may play a role in prevention of cancer through some of these mechanisms [10] [11] . A study conducted by Shamaladevi et al. (2013) showed that ericifolin is the prevalent phytochemical found in allspice may have antiproliferative effect against prostate cancer cells. Colon cancer is the third most frequently diagnosed cancer, and the second leading cause of cancer death in men [11] . This cancer can be due to inherited genes such as mutated APC (adenomatous polyposis coli) gene or modifiable risk factors such as obesity, physical inactivity, smoking, excessive consumption of fats etc. [12] . Colon cancer originates as precancerous lesions that appear in the form of polyps, which can progress to colon cancer [13] . Chemicals such as azoxymethane (AOM) can induce colon cancer, and have been used in different in vivo studies [14] . AOM is a potent chemical compound that requires few injections to induce colon cancer, unlike its predecessor 1,2-dimethylhydrazine which requires higher doses over a longer period of time to induce colon cancer [15] . AOM is metabolized through several steps to methyldiazonium ion, which causes genetic alteration, which can lead to colon cancer [16] . An example is through DNA methylation which can lead inactivation of several signaling pathways such as K-ras, and inactivation of different genes such as APC/β catenin gene, TGFβ (transforming growth factor beta) gene mutation which regulate growth and differentiation of cells [17] . The aim of this study was to investigate the anticarcinogenic effects of allspice on AOM induced colon cancer in Fisher 344 male rats. 344 male rats at 3 weeks of age with an average weight of 90 grams were obtained from Harlan, IN. They are known to be calmer and less likely to bite. The rats were divided into the short and long term study respectively, and each study group contained a treatment and a control group. In the short term study (17 weeks), the number of ACF was observed, while in the long term study, the number of tumors was observed. All rats were provided with a control diet for a week before they were divided into their respective groups. The treatment groups included 3 groups of rats fed 0.5%, 1% and 2% of allspice, while the control feed did not contain allspice. In the short term study, the control group had 5 rats, while the treatment groups were divided into 3 rats per group. In the long term study, the rats were divided into 6 per treatment group and 8 rats in the control group. The rats were housed in steel cages, with a minimum of 2 and a maximum of 3 rats per cage. Food and water was provided ad libitum. The environment was maintained at 25˚C and 50% relative humidity. Rats were weighed every 2 weeks, total feed intake was calculated, and the food was made isocaloric after incorporation of allspice. All experiments were carried out implementing protocols approved by the Institutional Animal Care and Use Committee of Alabama A&M University.
Materials and Methods

Experimental Design
Long and short term study lasted for 39 and 17 weeks respectively. Rats in both groups were fed a growth diet AIN-93G [18] , however, rats in the long-term study group was switched to a maintenance diet after 20 weeks AIN-93M [18] ( Table 1) . Allspice was incorporated into feed at different concentrations of 0.5%, 1%, and 2%. The experimental design is shown below (Figure 1 ). Rats in the short term study contained 3 rats per group, and the long term study rats were divided into 6 rats per treatment group and in the control group. 
Observation of ACF
The colon was prepared by dividing into proximal and distal segments, followed by cutting into 2 cm segments and stained with 1% methylene blue; and observed under the microscope for enumeration of ACF and crypts.
Tumor Characterization
The presence and number of tumors were observed at the end of the long term animal study. The tumor incidence in both proximal and distal segments was analyzed. The presence of tumor was further analyzed based on the location, size, number and tumor per tumor bearing rat ratio (T/TBR).
Bone Mineral Content
The bone samples (femur) were collected and a sample mixture was prepared in
HCL. An inductively coupled plasma analyzer was used to determine the bone mineral content (Calcium, Iron, Magnesium, Phosphorous, Zinc and potassium).
Antioxidant Enzyme Activity
Assays (SOD, CAT, GPx, GSH, GST) were carried out using liver samples to see if allspice had any significant effect on enzyme activity. All experiments were carried out in triplicates and results were expressed as means ± standard error of mean (SEM). 
Statistical Analysis
Assays (Superoxide Dismutase (SOD), Catalase (CAT), Glutathione Peroxidase (GPx), Glutathione (GSH), Glutathione-S-Transferases (GST)) were carried out using liver samples to determine if allspice had any significant effect on enzyme activity or antioxidant status of rats using kits purchased from the Cayman Chemical Company (Ann Arbor, MI). All experiments were carried out in triplicates and results were expressed as means ± standard error of mean (SEM).
Results and Discussion
The effect of feeding animals with different concentrations of allspice on weight gain, feed intake, and feed efficiency ratio (FER) was analyzed ( Table 2 ).
Rats in the control group (2.05 g) had a significantly higher (p ≤ 0.05) weight gain and a lower feed intake compared to the treatment groups. Rats fed 1% of allspice had a higher weight gain among treatment groups, but this difference was not significant. The cecal weight was significantly (p ≤ 0.05) higher in rats fed 2% of allspice compared to the other treatment groups, but there was no significant difference with the control group (Table 3) . Cecal pH was higher in rats fed 1% and 2% of allspice compared to the control group and those fed 0.5% of allspice. There was no significant difference in liver weight between the control and treatment groups.
The pH, liver and cecal weight of rats fed different concentrations of allspice over a 39-week period are shown below (Table 4 ). There was no significant difference in the cecal weight in rats fed 1% of allspice and the control group. There was a higher cecal weight between control rats and those fed 0.5% and 2% of Table 3 . Short term cecal weight, pH, and liver weight in fisher 344 rats. Total ACF was significantly higher (p ≤ 0.05) in the control group compared to the treatment groups (Table 5) . Rats fed 2% (20.5) of allspice had a lower ACF amount compared to rats fed 0.5% (42.5) and rats fed 1% (36) of allspice.
The total crypts were higher in the control group (48) compared to the treatment groups. Rats fed 2% allspice (20) had the lowest total crypts compared to the other treatment groups.
Crypt multiplicity shows the number of crypts in one focus. The results show that rats fed 0.5% of allspice had the highest crypts with one focus (Figure 2 ).
Rats in the control group had a higher number of 3 and 4 crypts per focus compared to the other groups. Rats fed 2% of allspice had fewer number of 5 or more crypts compared to the other groups.
Bone mineral content was analyzed using ICP after a 17-week period, and the Table 5 . Aberrant crypt foci (ACF) and total crypts in rats fed with allspice. (Table 6 ). The bone Ca content was significantly lower in the control group (128.38 µg/g) compared to the treatment groups. The bone Ca content in the treatment groups increased with increasing concentration of allspice. All other mineral content showed a significant increase (p ≤ 0.05) between the control group and rats fed 2% of allspice.
In the long-term study, there was a significantly (p ≤ 0.05) higher bone Ca content in treatment rats compared to the control rats (128.38 µg/g), with rats fed 2% (299.7 µg/g) of allspice having the highest bone Ca content (Table 7) .
There was no significant difference in bone Fe and K content in between the control and treatment group. Mg and P content in treatment groups were significantly higher (p ≤ 0.05) compared to the control group. Zn content was significantly higher in the treatment group compared to the control group (1.09).
Rats fed 1% of allspice had a significantly (p ≤ 0.05) higher Zn content (1.712 µg/g) compared to rats in other treatment groups.
The effect of allspice on antioxidative enzymes in rats treated with different concentrations of allspice over a 17-week period is shown below ( GPx activity was significantly higher (p≤0.05) in treatment groups (268.69 to 322.19 nmol/min/ml) compared to the control group (1.42 nmol/min/ml). GST Table 6 . Bone minerals in rats fed allspice diets for 17 weeks. Table 9 . Enzymatic activity in short term animals treated with allspice. In the long-term study, SOD activity was significantly higher (p ≤ 0.05) in the control group (0.026 U/ml) compared to the treatment groups (Table 9 ). Rats fed 2% (30.1 nmol/min/ml) of allspice had a significantly higher catalase activity compared to all other groups. GPx activity was significantly higher in treatment group compared to the control group. GST and GSH activity were significantly higher in rats fed 2% of allspice compared to other treatment groups and control group.
The total tumors observed after treatment with allspice is shown below (Table   10 ). The results show that control rats had the highest number of tumors compared to rats in the treatment group. There was also a numerical decrease in the number of tumors with increasing concentration of allspice, with rats fed 2% of allspice having the lowest number of tumors in the colon. Distal sections of the colon had a higher number of tumors in all groups compared to the tumors observed in the proximal segments.
Tumor incident rate in rats fed different concentrations of allspice and control rats is shown below ( incident rate in both proximal and distal sections of the colon. The incidence rate decreased in the proximal sections with increasing concentrations of allspice, but only rats fed 2% of allspice had a lower distal total incidence rate (50%).
Rats fed 2% of allspice had the smallest size of tumors compared to the other treatment groups, while the control rats had the largest size (Table 12) . T/TBR is the number of tumors in rats with tumors, and the results show that rats fed 2%
of allspice had the lowest T/TBR (1) compared to other treatment groups, and control rats had the highest T/TBR (5.8).
SOD activity was significantly higher (p ≤ 0.05) in the control group (0.026 U/ml) compared to the treatment groups (Table 12) . Rats fed 2% (30.1 nmol/min/ml) of allspice had a significantly higher catalase activity compared to all other groups. GPx activity was significantly higher in treatment group compared to the control group. GST and GSH activity were significantly higher in rats fed 2% of allspice compared to other treatment groups and control group.
Discussion
Fruits, vegetables and spices have been shown to contain phytochemicals which [19] . These phytochemicals can assist the body in preventing the development of cancer via various mechanisms including increasing activity of antioxidative enzymes, inhibiting the growth of pathogenic bacteria in the gut, increasing the pH content of the colon through fermentation of short chain fatty acids [20] . AOM can be used to induce the formation of ACF and eventually, colon cancer [21] . This study was conducted to evaluate the potential inhibitory effect of allspice on the rate of colon cancer development.
In animals treated over a 17-week period, results showed that allspice had an effect on weight gain. Rats fed 2% of allspice had a significantly lower weight compared to other treatment groups. The concentration of allspice also affected the total feed intake, with rats fed 0.5% allspice having the highest feed intake compared to other treatment groups. Allspice consists of phytochemicals similar to those found in cinnamon, nutmeg, clove and ginger which made it very potent. This high potency might have affected the amount consumed at higher concentration [22] . Consumption of spices can increase peristaltic of food in the gut thereby decreasing the transit time [23] . This might be why there was a decrease in weight gained in rats consuming a higher concentration of allspice. Spices can increase activity of digestive enzymes such as lipase which can facilitate lipid absorption from the gastrointestinal tract [24] . Spices can also affect the cecal weight and pH [25] . In the colon, fermentation of fiber takes place converting them into short chain fatty acids (butyric, propionic and acetic acid) [26] . These acids can support the growth of beneficial bacteria, such as Bifidobacterium and inhibit the growth of pathogenic bacteria [27] . They can inhibit the conversion of primary bile acids to secondary bile acids which are potential carcinogens [27] . Previous studies have shown that a decrease in pH can inhibit the growth of pathogenic bacteria [28] . The decrease in pH may be due to the fermentation of dietary fiber into short chain fatty acids such as butyric, propionic and acetic acid, which prevents the growth of pathogenic bacteria since these bacteria require an optimum pH of 7 for growth [28] . This study showed that increasing concentration of allspice in animal diet resulted in a decrease in pH, which might have decreased the incidence of colon cancer. A decrease in pH can induce apoptosis of abnormal cells and induce secretion of antioxidant enzymes [29] .
Previous studies have shown that bone mineral content might have played a role in the risk of colon cancer [30] . Calcium has several functions that include prevention of bone weakness and colon cancer [31] . Ca can induce growth of epithelial cells to repair damaged cells, and can form complexes with fatty acid and bile acids, thereby preventing the development of cancer [31] . This study showed that increasing concentration of allspice may be responsible for the increase in bone Ca content in the 17 and 39-week study period, which might have played a role in decreasing risk of colon cancer. Spices can increase the bioavailability of nutrients thereby aiding in their digestion and absorption in the body [32] . Allspice resulted in increases in Fe, Mg, Mn, P, Zn, and K in rats fed 2% of allspice compared to other groups meaning that it may have played a role increasing bone mineral content. In the long term study, bone mineral contents of P, Zn and K were higher in rats fed 1 and 2 of allspice compared to the other groups. This study shows that diets rich in spices may have played a role in increasing the mineral content of the bone [32] .
AOM is used to increase the risk of colon cancer compared to untreated rats, and Fisher 344 male rats are best suited for the study of colon cancer [33] . The results showed that the concentration of allspice may have played a role in decreasing the overall ACF number. Rats fed 2% of allspice had the lowest ACF number compared to the other treatment groups, while rats in the control group had the highest number of ACF. Crypt multiplicity is used to determine the likelihood of tumor development from precancerous lesions [34] . Presence of 3 or more crypts per focus is more likely to develop into tumors compared to 1 or 2 crypts, and results show there is decreased risk of colon cancer in rats fed 2% of allspice compared to the control group ( Figure 2 ). Continuous consumption of allspice may decrease the risk of development of 5 or more crypts per focus, thereby decreasing the risk of colon cancer. The increase in ACF, crypt multiplicity might be due to increased angiogenesis, proliferation and inflammatory effects which can increase risk of cancer development [34] .
Over the long-term study period, the number of tumors observed decreased in rats in the treatment group compared to the control group. The higher number of ACF and size of tumor in the control group may be due to the ability of phytochemicals in allspice to inhibit the growth of tumors through their antiproliferative and antiangiogenic effect [35] . A higher concentration of allspice may decrease both the number and size of tumors compared to other groups [36] .
Tumor incidence and T/TBR decreased in rats fed higher concentrations of allspice compared to rats fed lower concentrations of allspice. There was an 88% decrease in the T/TBR between rats fed 2% of allspice and the control rats. Incidence rate of tumors decreased in rats fed 2% of allspice compared to the other groups, which might be due to the anticarcinogenic effect of allspice. These changes in tumor size, number, incidence rate and T/TBR may also be due to the antioxidant, antiproliferative, antiangiogenic, and anti-inflammatory effect of phytochemicals found in allspice [36] [37] . A previous study conducted by Bennink and his colleagues (2002) showed similar antiproliferative, antiangiogenic and antioxidant effect of phytochemicals present in beans on colon cancer.
These results showed a decrease risk of colon cancer with increasing consumption of beans by the animals [38] .
The body has an innate ability to combat free radicals, and phytochemicals have been shown to activate some of these antioxidative pathways [39] . Some of the pathways include activation of antioxidant enzymes such as GST, GPx, SOD, CAT, and antioxidant GSH. These enzymes and compounds play a role in neutralizing free radicals by tagging them for elimination from the body, or converting them from their oxidized form to a reduced form [39] . CAT, GST activities and GSH levels in the treatment groups compared to the control group. This shows that phytochemicals such as eugenol, gallic acid and myricetin may have played a role in their activation [40] . Previous studies have shown ability of phytochemicals to induce antioxidative enzymes [41] . Gajula and his colleagues (2010) looked at the ability of phytochemicals present in basil on the activity of catalase. The animal feed was incorporated with basil and the result showed an increase in CAT activity [42] . There was a decrease in SOD activity at higher concentrations of allspice after both 17 and 39-week study period. This might be due to the ability of allspice to neutralize superoxide radicals, eliminating the need for SOD activation.
Conclusion
This study showed that allspice may have anti-carcinogenic effects against colon cancer. Different concentrations of allspice showed different effects with higher concentrations being more effective in preventing colon cancer. The results showed a decrease in the number of ACF, crypt multiplicity, tumor size, tumor number, T/TBR and tumor incidence in rats fed higher concentrations (2%) of allspice compared to those fed lower concentrations of allspice (0.5% and 1%).
Allspice may also be responsible for increased bone mineral content and induction of antioxidative enzymes. Results show that increasing concentration of allspice resulted in increased activities of CAT, GST, GPx and GSH levels.
Allspice may have similar chemopreventive effects in humans, and studies need to be conducted to see if the same results can be replicated in humans.
